Background: Nasal base retraction results from cephalic malposition of the alar base in the vertical plane, which causes disharmony of the alar base with the rest of the nose structures. Correcting nasal base retraction is very important for improved aesthetic outcomes; however, there is a limited body of literature about this deformity and its treatment. Objectives: Create a nasal base retraction treatment algorithm based on a severity classification system. Methods: This is a retrospective case review study of 53 patients who underwent rhinoplasty with correction of alar base retraction by the senior author (S.T.). The minimum follow-up time was 6 months. Levator labii alaque nasi muscle dissection or alar base release with or without a rim graft on the effected side were performed based on the severity of the alar base retraction. Aesthetic results were assessed with objective grading of preoperative and postoperative patient photographs by two independent plastic surgeons. Functional improvement was assessed with patient self-evaluations of nasal patency. Also, a rhinoplasty outcomes evaluation (ROE) questionnaire was distributed to patients. Results: Comparison of preoperative and postoperative photographs demonstrated that nasal base asymmetry was significantly improved in all cases, and 85% of the patients had complete symmetry. Nasal obstruction was also significantly reduced after surgery (P < 0.001). The majority of patients reported satisfaction (92.5%), with an ROE total score greater than or equal to 20. Conclusions: New techniques and a treatment algorithm for correcting nasal base retraction deformities that will help rhinoplasty surgeons obtain aesthetically and functionally pleasing outcomes for patients.
Level of Evidence: 4
Editorial Decision date: October 3, 2016; online publish-ahead-of-print February 7, 2017 .
Nasal base retraction results from cephalic malposition of the alar base in the vertical plane and causes not only alar asymmetry but also alar disharmony with the rest of the nose structures. Although nasal base retraction is usually overlooked by surgeons during preoperative planning, nasal symmetry is crucial for an aesthetically ideal surgical result. 1 In the literature, there is no universally accepted surgical technique for correcting alar base retraction. There are some excisional procedures from the alar base that can be used to correct this deformity; however, they may cause nostril distortion or stenosis. 2 In addition, these excisional procedures can elevate the upper lip instead of releasing the alar base caudally.
In this case series, we describe a classification system for nasal base retraction severity. The classification then dictates the surgical intervention that will be employed to correct the nasal base retraction. The corrective techniques that could be employed include alar base release, alar rim grafting, and levator labii alaque nasi muscle (LLANM) dissection. In this way, we have standardized our treatment algorithm for nasal base retraction.
Relevant Functional Anatomy
The soft-tissue anatomy of the nasal area has dynamic and static components. Static anatomy refers to the bones, cartilages, and ligamentous structures. Dynamic anatomy is composed of muscles, and the impact of perinasal muscles on nose mobility can be observed in Bell's palsy, in which the muscles lose their tone. 3 The nasal base is a mobile region that has an important role in facial expression and respiratory function. 4 Four functional groups of muscles -depressors, elevators, compressors, and dilators -play a substantial role in nasal base positioning. The most important muscle among them is the LLANM. The LLANM has a common origin at the frontal process of the maxilla and divides into medial and lateral parts inserting into the lateral nostril and upper lip, respectively. The lateral part raises and everts the upper lip and the medial part retracts the alar rim laterally and superiorly to dilate the nostrils. The LLANM is innervated by the zygomatic and superior buccal branches of the facial nerve. The arterial supply comes from the facial artery and the infraorbital branch of the maxillary artery. 1, 5 Facial nerve palsy causes depression of the alar base and the loss of LLANM function. In addition, the loss of dilator naris muscle function contributes to nostril collapse and inspiration problems. 6 However, a total collapse is not usually observed because of the cartilages and the ligamentous attachments to the maxillary bone. This attachment system is composed of the pyriform ligament, which raises from the pyriform aperture, envelops the lateral cartilages, and extends to the alar base. 3, 7 Because of the close anatomic relationship between the ala and the nasal groove, upper cupid roll, and angulus oris, retraction of these structures may also be observed with alar base retraction.
METHODS
In this retrospective case review study, 53 patients who underwent rhinoplasty with correction of nasal base retraction deformities from January 2014 to November 2015. All surgeries were performed by the senior author (S.T.) with a minimum of 6 months of postoperative follow-up. This study was approved by an institutional review board (Medicalpark Hospital; Gaziosmapasa, Istanbul, Decision no: 1001, August 01, 2016) and was conducted in accordance with the guidelines set forth in the Declaration of Helsinki. Written informed consent was obtained from all the patients.
Preoperative and postoperative photographs of each patient were taken from frontal, oblique basal, basal, oblique lateral, lateral, and cephalic views, as well as a frontal view of the patient smiling. These pictures were examined and analyzed with Adobe Photoshop Creative Suite 6 software. Nasal base retraction and related deformities were diagnosed by preoperative analysis of the frontal view pictures. The following two lines were used to help quantify the nasal base deformities: a vertical line extending from the midline glabella to the menton and a horizontal line tangent to the nasal base ( Figure 1 ). Deviations from these lines were measured to assess dorsal deviation and nasal base retraction. Patients who did not have alar base retraction, who did not have an existing alar base retraction corrected, or had an alar base retraction corrected secondary to trauma or congenital defects were excluded from the study.
Alar base retraction in millimeters was measured on the patients' preoperative and 6-month postoperative frontal view during the physical examinations conducted at For this case, a 6-mm right alar retraction, a 6-mm midline deviation, a 2-mm right upper lip retraction of the cupid raw, and a 2-mm aperture on right lip closure were diagnosed in the examination. these times to demonstrate the amount of alar retraction deformity correction. Preoperative and 6-month postoperative photographs were evaluated for aesthetic improvement to assess whether the objective measurements (ie, the amount of correction of alar base retraction) translated into tangible subjective improvement. Two independent surgeons evaluated the preoperative and postoperative frontal photographs and were asked to assess them using a scoring system in which 0 = asymmetry, 1 = incomplete symmetry, and 2 = complete symmetry. Success was defined as the achievement of complete nasal base symmetry.
Functional improvement was assessed with self-evaluation of nasal patency, ranging from 0 (complete obstruction) to 10 (optimal airflow). A chi-square test was employed for statistical analysis, with P < 0.05 considered to represent a significant difference. Inter-rater reliability was calculated using the Fleiss Kappa statistic. 8 The strength of agreement was classified based on the Kappa score: <0.00 = poor; 0.00-0.20 = slight; 0.21-0.40 = fair; 0.41-0.60 = moderate; 0.61-0.80 = substantial; and 0.81-1.00 = almost perfect agreement. 9 A rhinoplasty outcomes evaluation (ROE) questionnaire (Appendix A, available as Supplemental Material at www.aestheticsurgeryjournal.com) that was validated by Alsarraf et al 10 was administered to all the patients at the 6 month follow-up visit. This questionnaire includes six questions to assess patients' functional, social, and aesthetic satisfaction, in which each question has a maximum value of four points and a minimum value of 0 points. Patient satisfaction was defined as a total score greater than or equal to 20 in these questions. Patient dissatisfaction was defined as a total score less than 20 or if any question scored a 2 or below regardless of the total survey score.
To demonstrate postoperative changes prior to surgery, we performed the "alar base pull down test." Application of the test is shown in Video 1 (available as Supplemental Material at www.aestheticsurgeryjournal.com).
Classification
Two important factors that help determine a treatment method for alar base retraction are the amount of alar base retraction and the severity of the concomitant dorsal deviation. Alar base retraction was defined by the distance from the alar base to the horizontal tangential line drawn at the nasal base. Patients were classified according to whether the amount of the retraction was 2 mm or less (32 patients) or more than 2 mm (21 patients). A subclassification was performed for patients with 2 mm or less nasal base retraction based on the existence and severity of concomitant dorsal deviation. The severity of dorsal deviation was defined as a crooked nose (6 patients), a deviated nose (15 patients), or a non-deviated nose (11 patients).
Patients with nasal base retraction of more than 2 mm underwent dissection of the LLANM with a rim graft on the affected side. Patients with nasal base retraction of 2 mm or less plus a crooked nose underwent dissection of the LLANM with a rim graft. Patients with nasal base retraction of 2 mm or less plus a deviated nose underwent alar base release with a rim graft. Patients with nasal base retraction of 2 mm or less plus a non-deviated nose underwent alar base release on the affected side. The 2 mm criterion is based on the operating surgeon's clinical experience. The decision to insert a rim graft was made based on the need for LLANM dissection and whether or not the patient has a deviated nose. A possible consequence of LLANM dissection is diminished nostril dilation. Utilizing an alar rim graft decreases this possibility by providing a static support to compensate for the loss of the LLANM, which also provides the added benefit of giving an additional vector of force to correct the deviated nose. The aforementioned classification and algorithm for choosing a treatment for alar base retraction is demonstrated in Figure 2 .
Operative Technique
A closed rhinoplasty technique was performed under general anesthesia in all cases. Alar base retraction was Figure 2 . This diagram demonstrates the treatment algorithm for alar base retraction. The amount of alar base retraction determines the initial classification. If there is greater than 2 mm of retraction, the patient was treated by levator labii alaque nasi muscle (LLANM) dissection and rim grafting. The treatment algorithm for 2 mm of retraction or less was subdivided based on whether the patient's nose is crooked. If the alar base retraction is less than 2 mm and the patient had a crooked nose, the patient was treated by LLANM dissection with rim grafting. If the alar base retraction is less than 2 mm and the patient did not have a crooked nose, the patient was treated by alar base release and rim grafting. If the alar base retraction is less than 2 mm and the patient had a non-deviated nose, the patient was treated by alar base release alone. corrected either in the beginning of the operation or at the end. A description of the operative technique for correcting alar base retraction when the patient has a crooked nose deformity was published in a previous article. 1 
Dissection of Levator Labii Alaque Nasi Muscle
By using the internal lateral osteotomy incision, subcutaneous tissue is dissected laterally from the pyriform rim of the maxilla with a sharp-tipped scissor. The usual 5-to -6-mm internal lateral incision is made and the correct location of this incision is determined by placing a dorsum elevator instrument through the pyriform aperture. Following this incision, instead of entering the bone plane immediately with a blade, a layer by layer soft tissue dissection technique using a sharp-tipped scissors is preferred. After meticulous dissection of the subcutaneous tissue, a thin superficial musculoaponeurotic system (SMAS) layer is exposed and incised. If the sharp dissection is done meticulously, by showing respect to each of the soft tissue planes, it is very easy to identify the LLANM, which is lateral to the pyriform rim. Here, the surgeon's anatomic orientation is crucial and increases with experience. Following identification of the LLANM, the muscle is delivered with a curved-tipped elevator. After distal and proximal cauterization (to prevent possible bleeding and postoperative hematoma formation), the LLANM is transected with a scissor. A schematic illustration of LLANM dissection is provided in Figure 3 . The key maneuvers are also demonstrated in Video 2 (a male case) and Video 3 (a female case) (both available as Supplemental Material at www.aestheticsurgeryjournal. com). As seen in the videos, the male patient's LLANM is thicker and more prominent than the same muscle in the female patient.
Alar Base Release
Following the internal lateral osteotomy incision, the dissection is extended towards the pyriform rim with a sharp-tipped scissor to identify the pyriform ligament. The pyriform ligament is located medially and closer to the subcutaneous tissue than the LLANM. The identification of the pyriform ligament is less challenging when the dissection is done precisely and towards to the pyriform rim. Again, the surgeon having thorough knowledge of anatomy is important. Following the transection of pyriform ligament, a cottle elevator is placed over the pyriform rim and the soft tissues are freed over periosteum by about 2 to 3 cm (Figure 4) . The key maneuvers are demonstrated in Video 4 (available as Supplemental Material at www. aestheticsurgeryjournal.com).
Rim Grafting
The rim grafts should each be 2 to 3 mm wide and 15 to 25 mm long, and are harvested from septal cartilage. Using sharp-tipped scissors, a subcutaneous tunnel is created along the alar margin through three 2-mm incisions that are 3 to 4 mm apart from each other. The rim grafts are inserted into these pouches without suturing ( Figure 5). A B 
RESULTS
Fifty-three patients were identified, 29 women and 24 men ranging in age from 18 to 42 years (mean, 25.2 years). Twenty-seven patients underwent LLANM dissection plus alar rim graft placement, fifteen patients underwent alar base release plus alar rim graft placement, and eleven patients underwent alar base release alone. The mean postoperative follow-up time was 12.4 months (range, 6-22 months). The early postoperative period was uneventful for all of the patients except two. In both of these patients, small hematomas were observed in the nasolabial area. These complications were managed nonoperatively and significant clinical improvement (reabsorption of hematomas) was observed in 2 to 3 days. Nasal obstructions were reduced after surgeries, and all of the patients' self-evaluation scores for nasal patency significantly increased. Compared with the preoperative patency scores, the patients' postoperative mean 6-month patency scores increased to 8.5 from 4.2 out of 10 (P < 0.001). No revision surgery was required and no partial or total nasal obstruction was observed during the follow-up period. The mean preoperative dorsal deviation angle in deviated and crooked noses was 12.3° (42 patients; range, 4°-36°), and the resulting postoperative mean dorsal deviation angle was 2.5° (range, 0°-4°).
After two board-certified plastic surgeons compared the preoperative and postoperative photographs, they both agreed that the patient's nasal base retraction was completely corrected in 45 cases (84.9%). Both plastic surgeons also agreed that there asymmetry was improved in 5 cases (9.4%). Inter-rater reliability for the alar base symmetry analysis showed substantial agreement (92.5% agreement, Fleiss Kappa= 0.629). The ROE questionnaire results revealed that 92.5% of patients were satisfied with the form and function of their rhinoplasty.
None of the patients who had long-term follow-up (32/53 patients had >12 months follow-up) experienced nasal distortion or recurrence of nasal deformity based on preoperatively had a 6-mm right alar base retraction, a serious crooked nose with a 6-mm midline deviation, a 27.8° dorsal deviation angle, a 2-mm right upper lip retraction on the cupid raw, and a 2-mm aperture on the right lip closure. The patient's preoperative patency score was 3 out of 10. The patient's left nasal airway was almost totally obstructed by the deviated nasal septum, and there was a large right inferior concha. The surgical procedure included hump removal, rasping of the left nasal bone to correct the convexity, applying bilateral spreader flaps and a left spreader graft following septoplasty, tip plasty (via the delivery technique, lateral crural steal to reposition of the dome, interdomal and cefalic intradomal sutures to achieve tip symmetry, deep superficial musculoaponeurotic system [SMAS] layer suture to suspend and relocate the tip on the nasal dorsum), and concha surgery (lateralization and partial submucous resection of the right inferior turbinate). Nasal base retraction on the right side was corrected by dissecting the right levator labii alaque nasi muscle (LLANM), and an alar rim graft was inserted in the right alar margin. clinical examinations and comparisons of the postoperative photographs (Figures 6-8 ).
DISCUSSION
The term "alar base retraction" is not well-described in the literature and is usually confused with alar retraction. 1 Alar retraction or a retracted ala is characterized by more than 2 mm of retraction of the alar rim in the long axis of the alar rim to the nostril. 11 However, alar base retraction is retraction of the horizontal part of the alar sulcus cephalically (Figure 1 ). Alar base malposition seen in the cleft nose deformity is also frequently misunderstood as alar base retraction. A cleft nose is the result of an underlying skeletal malformation and has a wide spectrum of presentation depending on the degree of deformity. Yet, even in its most minor form, a cleft nose involves hypoplasia of the pyriform rim on the cleft side. 12, 13 Therefore, in the effected side of the nose, the alar base is oriented inferiorly (caudal orientation) and laterally, not retracted (cephalic orientation), as seen in primary alar base retraction. As a result, the treatment of the alar base when the patient has a cleft nose deformity is very different than alar base retraction, and surgical approaches include: pyriform rim augmentation with diced/rib grafts or implants, V-Y advancement flap, the Weir procedure, and alar base reduction. 14 Hyun et al 18 published an article describing the "seesaw technique" for correcting vertical alar discrepancy. They highlighted the fact that there are several techniques for treating a retracted ala, although there is a lack of techniques for correcting vertical alar discrepancy. In this study, which included 24 patients, they attempted to achieve alar base symmetry on the vertical plane by performing alar sulcus and crease incisions. The alar base was repositioned caudally in 14 patients and cephalically in 3 patients. In the remaining 7 patients, one side of the alar base was repositioned caudally and the other side cephalically. However, in this case series, a cleft nose (n = 15) was the most common cause of alar discrepancy, followed by previous surgery (n = 8) and trauma (n = 1). This means that most of the treated sides of the nose were normal, because in a cleft nose, the effected side is oriented caudally. In addition, the method described by Hyun et al is an excisional procedure, which has some disadvantages, such as visible scar formation, diminished vascular supply, nostril distortion, or stenosis. In response to this article, Toriumi 16 highlighted the technique of cartilage grafting into a pocket under the alar insertion point in order to fix the projection problem in the premaxilla. He also described a lateral crural release technique with lateral crural strut graft placement for the correction of vertical alar deficiency. He reported that up to 3 to 5 mm of caudal movement was gained with the lever effect achieved with the graft on the alar base. Because this method tends to widen the nasal base, it is appropriate for patients with a narrow nasal base. 19 The anatomical basis of LLANM dissection was first exhibited in cadaver studies by Pessa 4 and Pessa and Brown 5 They demonstrated that the insertion point of the LLANM is close to the nasal base and is responsible for elevating the alar base during facial movements. 4 In another study, the LLANM was dissected unilaterally to improve the medial nasolabial fold in older patients, and this technique was performed on 10 patients with successful results. 5 Pessa and Crimmins also dissected the LLANM through a subciliary incision to correct nasal asymmetry in patients who had suffered facial paralysis. 6 In facial paralysis, perinasal muscle dysfunction's effect on the position of the alar base can be seen more clearly. Among these perinasal muscles (the LLANM, the levator labii superioris, and the alar nasalis muscle), the LLANM is the most important muscle in determining the alar base's position. 4 So, in facial paralysis, the alar base is malpositioned caudally in the vertical plane due to LLANM dysfunction. Although in this study, Pessa and Crimmins 6 targeted the side of the face with a normal facial nerve and LLANM function and did not aim to address alar base retraction, they demonstrated the importance of the LLANM on the positioning of the alar base.
Rohrich et al 3 reported on a cadaver study about the anatomy and importance of the pyriform ligament. In this study, 10 hemifacial fresh cadaver dissections were performed, and the authors concluded that the pyriform ligament may be important in determining the anatomical shape of the alar base, tip, and nasal vault architecture.
In a case series of 12 patients, Gruber et al 20 reported reduction of the broad alar base with alar base release. They described a treatment algorithm with a combination of alar base release and different excisional procedures based on the cause of the increased width (ie, ala, nasal sill, columellar base, general enlargement). Gruber et al 7 also performed a cadaver study of nasal base reduction and reported that the ala is loosely attached to the maxilla and is slightly mobile in all directions. The authors demonstrated that transection of the pyriform ligament and soft tissue attachments (ie, anterior maxillary periosteum and pars alaris muscle) resulted in substantial medialization of the ala. Although the results of both studies provided significant increased understanding that mobilization and medialization of alar base requires soft tissue manipulation, these studies did not address alar base retraction.
We assert that taking into account the position of the alar base is very important for achieving nasal symmetry and even 1 to 2 mm of vertical retraction of the alar base can significantly impact the surgical success. The question is: How can we address alar base retraction as a separate deformity? In the literature, there are some excisional procedures for correcting this deformity, as discussed previously. 2 One classic technique is elliptic excision from the alar base. Such excisional procedures are not very successful, based on our experience, because they may result in upper lip elevation rather than correction of alar base B A caudally. In addition, they may also result in nostril distortion or stenosis. The senior author's (S.T.) prior study also addressed this topic. 1 However, in this case series, patients with a crooked nose who have minimum of 4 mm of alar base retraction were treated with LLANM transection. In this case series, LLANM transection was not only demonstrated to be a successful treatment of alar base retraction due to a crooked nose, but also, in long-term follow-up, no recurrence of dorsal deviation or alar base retraction were observed. These successful results encouraged us to seek a systematic treatment algorithm for alar base retraction in different severities.
Depending on the clinical experiences and observation of the senior author (S.T.), the manipulation of alar base release allows for a maximum of 2-mm of alar base movement. On the other hand, transection of the LLANM allows for a minimum of 2 mm of alar base movement. Therefore, for a patient who has 2 mm or less of alar base retraction, alar base release is a more appropriate and less traumatic treatment. However, transection of the LLANM is necessary when the patient has greater than 2 mm of alar base retraction and a crooked nose, because of the seriousness of the retraction and the high chance of the crook nose deformity recurring . In addition, this case series showed that the alar base never came down lower than its anatomic position or, in other words, lower than the contralateral side after LLANM transection.
The LLANM and pyriform ligament are also important structures for providing patency of the external nasal valve. Therefore, the senior author (S.T) prefers using a rim graft to prevent possible patency problems. There is no study in the literature that reports nasal obstruction due to manipulating these structures. Also, a rim graft provides an additional support while correcting a patient's deviated nose.
Last but not least, in this case series, we observed that all patients with primary alar base retraction had an ipsilateral dorsal deviation. This finding encourages the authors to speculate that the congenital short LLANM deformity could be one cause of alar base retraction. A preoperative ultrasonographic evaluation of the LLANM in a patient with alar base retraction supports this hypothesis ( Figure 9 ). However, we need to conduct a comprehensive study on this topic to reach a meaningful conclusion.
This case series study is the most comprehensive study addressing alar base retraction as a separate deformity and recommends using a treatment algorithm based on the severity of the retraction. A single surgeon (S.T.) operated on all 53 patients via the closed rhinoplasty technique. Although our results are encouraging, we recognize that this study has limitations. The presented study is a retrospective case review study with a relatively short patient follow-up period (mean, 12.4 months) and was based on single surgeon's experience, observations, and efforts. There is clearly a need for further cadaveric studies and ultrasonographic evaluations in larger patient groups to fully understand the impact of a shortened LLANM in alar base retraction.
We believe that as rhinoplasty surgeons notice the impact of alar base symmetry on successful surgical results, the knowledge and techniques for addressing this specific deformity will improve.
CONCLUSIONS
The location of the nasal base is very important for nasal symmetry. Performing a careful analysis to identify the alar base deformity and properly selecting a technique to correct the deformity will ensure a pleasing outcome for the patient. Alar base retraction is a specific deformity and requires a specific classification and treatment algorithm. The new techniques and treatment algorithm for correcting nasal base retraction presented in this report will help rhinoplasty surgeons obtain successful outcomes for their patients.
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